Evidence suggests that factors influencing risk-taking include whether decisions are made based on emotions (affective systems) or cognitions (deliberative systems), the processing of feedback (e.g., deciding to attend a rehabilitation facility for opioid addiction treatment after an intervention held by a family member), and attention to environmental contingencies (e.g., considering the probability of an outcome such as the likelihood of contracting tetanus from a shared needle; or the gains and losses associated with a decision, such as the benefits and costs of taking drugs). Although drug-dependent individuals tend to take more risks than non-drug users, the factors underlying risk-taking are unknown. The current study tested, for the first time, the influences of performance feedback (i.e., whether feedback about performance is integrated into decision-making in heroindependent individuals) and attention to environmental contingencies (i.e., the influence of the probability of a loss, the gain amount, and the loss amount associated with a scenario) on risk-taking in heroin-dependent individuals. Heroin-dependent patients undergoing maintenance therapy for opioid addiction (n = 25) and healthy controls (n = 27) completed the feedback and no-feedback conditions of the Columbia Card Task (CCT). Analyses of covariance, controlling for education and task design (the order in which the CCT conditions were completed) as covariates revealed a significant interaction between (a) probability, gain and loss amount, and group, and (b) group and probability. Our findings suggest that heroin-dependent patients pay less attention to environmental contingencies during risk-taking than controls. Addressing these factors may facilitate greater adherence to treatment programs and lower rates of relapse.
Introduction
Heroin is one of the most highly addictive opiates, inducing euphoria followed by sedation and slowing of cognitive and bodily functioning [1] . Chronic heroin use and dependence has also been shown to leave individuals vulnerable to poorer decision-making (e.g., continually choosing to use heroin despite the adverse effects on social and legal areas of life) [2] . Research has shown that heroin-dependent individuals' ability to perceive and evaluate the outcomes of a decision (i.e., considering the different consequences of a situation or action and then making a decision based on the best scenario) is impaired and so they tend to make riskier decisions than non-users [3] .
Risk-taking is a multifaceted construct that can be adaptive (e.g., taking a risk by investing in a stock option that will yield a large return) or maladaptive (e.g., taking heroin despite legal, health, and social ramifications). Risk-taking is influenced by decision-making abilities (e.g., weighing up advantages and disadvantages of a decision), the type of situation, feedback processing (e.g., considering that previous drug use resulted in hospitalisation and so not using drugs again) and consideration of situational outcomes (e.g., considering the probability of getting caught buying heroin from a dealer by police; [2] ). Decisionmaking has a crucial role in treatment efficacy for heroin dependence [4] . If patients are to have the best chance of adhering to treatment and preventing their relapse, their ability to evaluate situations and integrate feedback from their previous experiences to guide their actions is of the utmost importance. As such, investigating the processes that contribute to aberrant decision-making in heroin dependent individuals -i.e., feedback processing and attention paid to environmental contingencies -is the focus of this paper.
Dual-systems theory of decision-making
A dual-systems model of risk-taking has been suggested, involving (a) affective or emotional processes (i.e., those underlying spontaneous decisions influenced by emotions), or (b) cognitive and deliberative processes (i.e., those underlying actions that are intentional and planned) [5] . Decisions based on the desire to fill a void, for example, may be made under the affective system due to the influence of emotions of despair or longing. Impaired decision-making processes may disrupt individuals' ability to consider the short-and long-term consequences of actions, and decide on advantageous choices [4] . Drugdependent individuals, for example, tend to use drugs repeatedly despite the negative consequences they face, including criminal charges and ill-health [4, 6] . The affective system tends to override the deliberative system in states of emotional arousal, which may explain increased risk-taking in stressful or emotional situations (e.g., taking heroin during methadone maintenance therapy in response to a stressful situation) [5] . Therefore, research on how affective and deliberative systems influence decision-making in heroin-dependent individuals is crucial to informing adherence to, and positive outcomes of, treatment programs.
Feedback and environmental contingency processing during risk-taking
Decision-making involves three cognitive stages that individuals cycle between: (a) preference formation, where individuals develop a preference for one option over another; (b) choice implementation, where the preferred choice is selected; and (c) feedback processing, where behavioural outcomes from previous actions are considered and guide future decision-making and behaviour [4] . In laboratory studies of decision-making, drug-dependent individuals consistently exhibit impaired performance as a result of deficits in feedback processing (i.e. the use of information about past experiences to guide behaviour, e.g., learning that in the past possession of heroin lead to being arrested and so considering this before being in possession of heroin again), and attention to environmental contingencies (i.e., considering information about a situation before making a decision, e.g., observing that an alley way in a dangerous part of town is not well-lit and deciding not to walk through it alone at night [4, 7] ). These decision-making deficits may undermine patients' efforts to remain abstinent from drug-use and drug use exacerbates these decision-making deficits, creating a vicious cycle of negative outcomes and increasing difficulties of remaining abstinent [4, 8] . Identifying the influences of feedback processing and environmental contingencies on decision-making is therefore important.
Feedback processing is a stage of decision-making in which drug users, compared to non-users, tend to experience significant impairment compared with healthy individuals [4] . Wittwer et al. [3] investigated risky decision-making without feedback in cocaine users considering hair concentrations of cocaine (i.e., cocaine use) measured one year after baseline measures had been taken for a previous study (cited in [3] ; n = 10 with a strong increase in hair concentration of cocaine; n = 12 with a strong decrease; n = 9 with no change in hair concentration) and compared to non-users (n = 26). Participants completed the Randomised Lottery Task (RALT) measuring risky behaviour when presented with either a lottery with an expected value or guaranteed payoff. Cocaine users made riskier decisions in the lottery task compared to healthy controls. Cocaine-dependents with increased cocaine use made riskier choices with high loss probabilities, suggesting that neglect of environmental contingencies may mediate risk-taking behaviour in drug dependence. The effects of one-year increases in cocaine use on decision-making need to be further investigated using longitudinal studies.
The attention an individual pays to environmental contingencies, such as the probability of an outcome occurring, influences their decision-making. Lower probabilities of a rewarding outcome tend to be overvalued, increasing risk-taking to achieve gains (e.g., buying lottery tickets) and to avoid losses (e.g., foregoing health insurance to save money), and higher probabilities tend to be undervalued, resulting in risk avoidance for gains (e.g., gambling a small amount of money to ensure a small but probable gain) and risk-taking for high probability losses (e.g., investing a large sum of money for a high return that is unlikely; [6] ). In populations with opioid dependence, poor decisionmaking has been related to greater attention being paid to gain information, and neglect of loss information. For example, [9] found that following negative feedback from previous performance, opiate users (n = 35) tended to continue to take risks in order to compensate for losses already experienced, compared to healthy controls (n = 35), however such behaviour only tends to result in greater losses. Despite the fact that distinctions cannot be made between the effects of opioid replacement therapy and performance without the influence of drug use, the results suggest that opioid-addicted individuals may have greater vulnerability to chasing losses and deficits in processing feedback. Previous research therefore suggests that in cannabis-, stimulant-, and opioid-dependent individuals, poor decision-making tends to result from greater attention to gains, neglect of losses, and inconsistent use of feedback. Therefore, the different systems underlying decision-making, feedback, and environmental contingencies, may work together to influence an individual's risk-taking (Fig. 1 ).
The Columbia card task
The influence of affective and deliberative processes, feedback processing, and environmental contingencies on risk-taking has been investigated using the Columbia Card Task (CCT) [5] . The CCT is a computerised behavioural task assessing risk-taking across conditions with and without feedback, in which participants are shown 32 cards and provided information regarding the trial's probability of experiencing a loss, the gain amount, and loss amount. Turning over a higher number of cards is associated with greater outcome variability and so is a higher-risk strategy than overturning fewer cards (i.e., the average cards overturned provides a measure of risk-taking) [5] . The feedback CCT condition activates affective decision-making processes and the no feedback CCT condition activates deliberative decision-making processes [5, 10] . The CCT is also decomposable as attention paid to environmental contingencies (i.e., probability of a loss, gain amount, and loss amount) during risk-taking [11] can be analysed, allowing for motivations underlying risk-taking to be investigated [10] .
Healthy population studies of the CCT
Risk-taking and its influences were investigated using the CCT in adolescents and adults across four experiments (n = 74 in experiment 1; n = 84 in experiment 2; n = 138 in experiment 3; n = 20 in experiment 4) by Figner et al. [5] . Overall, adolescent risk-taking differed across the feedback and no-feedback conditions more than adult risktaking did, suggesting greater balance between adult affective and deliberative decision-making processes. Participant's information use on each CCT trial revealed that in adults, all three information factors (i.e., probability of a loss, gain amount, and loss amount) influenced the extent to which they took risks. In the younger age groups, only the probability of a loss related to greater risk-taking, suggesting that risky decision-making may be influenced by feedback and environmental contingencies. Similarly, Buelow [12] investigated risk-taking using the CCT in undergraduate university students (N = 489) with two different samples assigned to the feedback and no-feedback CCT conditions. Participants in the no-feedback condition took more risks than participants in the feedback condition. Greater risk-taking was shown on the no-feedback condition when the probability of a loss card was one, the loss amount was 250, and the gain amount was 30 (i.e., when the situation was the most advantageous). On the feedback condition, participants only took greater risks when the probability of a loss was one, and gain and loss amounts did not influence risk-taking. Therefore, when feedback about performance is unavailable, healthy individuals tend to pay attention to all the information factors present during risktaking. When performance feedback is available, however, healthy individuals tend to pay more attention to the probability of a loss during risk-taking.
Drug-dependent population studies of the CCT
Risk-taking and its influences has also been investigated using the CCT in drug-dependent populations. Kluwe-Schiavon et al. [13] investigated risk-taking in healthy female adolescents (n = 28), nondrug-users (n = 21), and cocaine-dependent females undergoing treatment (n = 27) using the no-feedback and delayed feedback CCT conditions. Adolescents and drug-dependent females engaged in similar levels of risk-taking in the no-feedback condition, greater than that of healthy controls. During the delayed feedback condition, however, cocaine users took fewer risks than adolescents. Cocaine users' risktaking was significantly higher in the no-feedback than the delayed feedback condition. Information use (as defined in previous studies, e.g., [5] ) analyses revealed that in the no-feedback condition, adolescents displayed greater risk-taking than cocaine users when considering the gain amount and probability of a loss. In the delayed feedback condition, cocaine users and adolescents took more risks when considering the gain amount factor. When all environmental contingencies (probability of a loss, gain, and loss amount) were taken into consideration, adolescents took more risks than non-drug users. The results suggest that drug-dependent populations may display deficits in their attention towards environmental contingencies, and that the provision of delayed feedback during risky decision-making may function to decrease risk-taking behaviours.
Similarly, Kluwe-Schiavon [14] assessed cocaine-dependent females (n = 27), female adolescents (n = 18) and female adults (n = 20) using the no-feedback and delayed feedback CCT conditions. In the no-feedback condition, cocaine-dependent and adolescent participants took more risks than adults. In the delayed-feedback condition, adolescents demonstrated the most risk-taking. Cocaine-dependent participants neglected environmental contingencies and engaged in greater risktaking across all information use (probability of a loss, gain amount, loss amount) factors. The type of feedback made available to cocainedependent individuals may therefore mediate risk-taking behaviour and neglect of environmental contingences may increase their risk-taking relative to healthy controls. Previous results suggest that impaired decision-making may be a result of deficiencies in feedback processing (i.e., not integrating feedback from past experiences in decision-making) and in atypical patterns of attention to environmental contingencies (i.e., greater attention to gain amounts, less attention to loss amounts, and neglect of outcome probabilities) in substance-dependent individuals. Decision-making deficits in individuals with substance dependence leave them at a higher risk of relapse due to reduced adherence to intervention programs.
The present study therefore aimed to investigate the influences of feedback processing and attention towards environmental contingencies, and their relationship to risk-taking, in heroin-dependent and healthy individuals. The present study used a the CCT behavioural measure of risk-taking to test the following hypotheses: heroin-dependent individuals will display greater overall risk-taking than controls when feedback about performance is unavailable, based on previous research in cocaine-dependent samples [13, 14] ; when feedback is available, heroin-dependent and healthy participants will display similar risk-taking [14] ; patients will consider less information than controls when taking risks on the CCT based on previous research [3] ; and patients will take more risks than controls across both conditions of the probability information factor on the CCT (i.e., whether the probability of a loss card is 1 or 3 [6] ).
Method

Participants
Twenty-five participants (mean age: 43.48 [SD 9.74] years; 56% female; mean education 10.32 [SD: 1.97] years) with a history of heroin addiction were recruited from the Drug Health Services and Opioid Treatment Program at the Royal Prince Alfred Hospital (Sydney, Australia). All patients were receiving treatment for heroin addiction (21 receiving methadone; 4 receiving buprenorphine) and were administered their dose of treatment immediately before testing. Six patients reported previous head injuries but were not excluded from initial analyses. As a control group, twenty-seven healthy participants (mean age: 46.44 [SD: 12.84] years; 70% female; mean education 12.07 [SD: 1.44] years) were recruited via word of mouth from a community workplace. Exclusion criteria included a history of substance dependence or use of illicit drugs. All participants were offered $20 reimbursement for their participation. Participants were given information about the study and provided informed consent before participating. The experiment was conducted in accordance with the guidelines set out by the Declaration of Helsinki for the protection of human participants, and was approved by the Royal Prince Alfred Hospital Ethics Committee (protocol number X16-0356). Although the heroin-dependent and control groups did not differ in age (t(50) = .93 p = .356) or sex (t(50) = 1.07, p = .291), the groups were imbalanced for education (X 2 (7, N = 52) = 17.92, p = .012), as has been the case in prior studies [9, 15, 16] . To control for this imbalance, education was added as a covariate in data analyses.
Statistical design
The study employed a mixed factors design including two groups:
heroin-dependent patients receiving treatment and healthy controls. Both groups were measured on the dependent variable of risk-taking (i.e., the number of cards overturned on the feedback and no-feedback CCT conditions). Data were analysed using Statistical Package for the Social Sciences and demonstrated accuracy. As expected, due to a nonhomogenous sample, the data was non-normal and so did not meet ANCOVA assumptions of normality and homogeneity of regression. The data was therefore normalised using z-score transformation. Statistical analyses included a one-way analysis of covariance (ANCOVA) controlling for education in years to investigate group differences in CCT performance on the feedback and no-feedback conditions. Three repeated measures ANCOVAs were conducted to investigate any differences in information use overall, and on the feedback and no-feedback CCT conditions whilst controlling for education. The repeated measures ANCOVAs included the following within-subjects factors with two levels each: probability (1 or 3), gain amount (10 or 30), and loss amount (250 or 750), and the betweensubjects factor group with two levels (controls and patients).
Measures
The Columbia card task
The Columbia Card Task (CCT) is a computerised measure of risktaking, of which the feedback and no-feedback conditions were used in this study. The aim is to gain as many points as possible. Over 24 rounds, participants are presented with 32 on-screen cards of which the majority are gain cards (i.e., gain points) and a few are loss cards (i.e., lose points; Fig. 2; [5] ). In the no-feedback condition, participants choose the total number of cards they would like to turn over, making just one absolute choice by clicking on a number from 0 to 32. Feedback regarding their gains and losses is offered at the end of the task. In the feedback condition, participants turn over their chosen cards one at a time and shown immediate feedback (i.e., a smiling face for gain cards and frowning face for loss cards; Fig. 2 ). Three factors vary randomly between the trials on both CCT conditions: the number of hidden loss cards (1 or 3), the gain amount per gain card (10 or 30), and the loss amount per loss card (250 or 750; Fig. 2 ). This information is presented at the top of the screen. For example, round one may display 1 hidden loss card, 30 points gained per gain card, and 250 points lost per loss card. Round 2 may then display 3 hidden loss cards, with 10 points gained per gain card and 750 points lost for a loss card.
The CCT produces an average risk-taking score for each condition (i.e., the average number of cards chosen by the participant over the 24 trials). Data from the CCT conditions can also be analysed to determine information use on each trial by examining the number of cards overturned on each round with different factorial combinations (e.g., trial 1 may have the factorial combination: probability 1, gain 10, loss 250; trial 2 may have the factorial combination probability 1, gain 10, loss 750. If the participant overturned less cards on trial 2, it can be inferred that they considered the loss amount information during their risktaking).
Results
No missing data was identified in the dependent variable of risktaking on the Columbia Card Task (CCT; two levels of feedback and no feedback conditions) or the independent variable information use on CCT (three factors with 2 levels each: probability of loss (1 or 3), gain amount (10 or 30), and loss amount (250 or 75). No scores exhibited large standardised residuals (z ≥ ± 3.29), so no univariate outliers were identified, nor were any multivariate outliers identified using Mahalanobis distance [17] .
Descriptive statistics revealed no significant difference in mean risktaking scores between patients and controls on the feedback CCT condition (t(50) = .515, p = .61; Fig. 2 ). No significant difference was found between patient and control mean risk-taking scores on the no-feedback CCT condition (t(50) = -1.159, p = .252; Fig. 2) . A significant correlation was found between the feedback and no-feedback CCT conditions (r = .41, p = .003), suggesting that risk-taking on one CCT condition may have influenced participants' risk-taking on the other CCT condition. As such, the factor 'design' (i.e., whether the participant completed the feedback (0) or no-feedback (1) CCT condition first) was included as a covariate in analyses.
Feedback processing and risk-taking
ANCOVAs were performed to examine the relationship between the dependent variable risk-taking (i.e., average cards overturned on CCT) and the independent variable feedback (i.e., the feedback and nofeedback CCT conditions) whilst controlling for the covariate education. The first ANCOVA was conducted to determine any group differences in performance on the feedback CCT condition, revealing no significant differences between control and patient risk-taking overall (F (1, 49) = .10, p = .753). The second ANCOVA conducted to determine any group differences on the no-feedback CCT condition revealed no significant differences between control and patient risktaking overall (F (1, 49) = 2.09, p = .154).
Environmental contingency processing and risk-taking
The use of information regarding probability of loss, gain amount, and loss amount by participants on the CCT was also analysed at the group level [5] . First, as there are three information factors with two levels each, there are eight combinations possible. The data was therefore transformed into variables that represent the eight factorial designs possible (e.g., variable P1G10L30 represents the factor levels: probability to lose 1, gain amount 10, and loss amount 30 for one round). Information use data for each CCT condition was also transformed into the same variables but labelled as either 'feedback' or 'no feedback' condition. To investigate group differences in information use on the CCT, three 2 × 2 × 2 × 2 repeated measures ANCOVAs were conducted (i.e., to measure information use overall, on the feedback 
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CCT, and on the no-feedback CCT) considering probability of a loss card (1 or 3), gain amount (10 or 30) and loss amount (250 or 750) as within-subjects factors with two levels each, and groups (controls and patients) as a between subjects factor. Education in years and design were included as covariates for each analysis. The first repeated measures ANCOVA for overall information use revealed a significant interaction effect of probability × gain × loss × group (F (1, 49) = 5.13, p = .029), suggesting that overall, patients took greater risks than controls when considering all information factors across both conditions of the CCT (Fig. 3) . Although not tested statistically, visual trends shown in Fig. 3 suggest that controls showed greater variability in their risk-taking across the different information factors (e.g., greater risk-taking when the probability of a loss card was 1 than when it was 3), whereas patient risk-taking was relatively similar across the levels of all three factors. Additionally, an interaction effect was found for probability × group suggesting that patients took greater risks than controls when the probability of overturning a loss card was higher (F (1, 49) = 4.24, p = .045; Fig. 4) .
The second repeated measures ANCOVA for information use by controls and patients in the no-feedback condition revealed a significant interaction effect for probability × gain × loss × group (F (1, 49) = 4.57, p = .037), suggesting that patient and control information use on the no-feedback CCT was significantly different. Patients took similar risks across all information factors, and this was greater than controls' risk-taking, as shown in Fig. 4 . Controls, however, varied in their risk-taking such that when it was disadvantageous to take more risks, such as when the probability of a loss card was 3, when the gain amount was 10, and when the loss amount was 750, controls took fewer risks. Finally, the third repeated measures ANCOVA for information use in the feedback CCT condition revealed no significant differences between controls and patients (Fig. 5) .
Repeated measures ANCOVAs for overall risk-taking as well as information use on the feedback and no-feedback CCT were repeated after removing the four patient participants who had been administered Buprenorphine rather than methadone. Analyses revealed no significant differences between risk-taking and information use performance, except for the finding that the previously significant probability x group interaction became non-significant (F (1, 44) = 3.54, p = .067). Repeated measures ANCOVAs for overall risk-taking as well as information use on the feedback and no-feedback CCT were also repeated after removing the six patients who had previous head injuries.
Analyses revealed significantly different findings. The repeated measures ANCOVA for overall information use demonstrated that the previously significant probability × gain × loss × group interaction effect became non-significant (F (1, 37) = 3.79, p = .059) and the previously significant probability × gain interaction effect became non-significant (F (1, 37) = 1.916, p = .175). The repeated measures ANCOVA for information use on the no-feedback CCT condition revealed that the previously significant probability × gain × loss × group interaction effect became non-significant (F (1, 37) = 2.33, p = .136).
Discussion
The present study sought to investigate the influences of feedback processing and attention paid towards environmental contingencies on risk-taking in heroin-dependent individuals and healthy controls. First, no significant differences were found between heroin-dependent participants' and healthy controls' risk-taking on the no-feedback CCT condition assessing deliberative decision-making. This result is in contrast to previous findings that drug-dependent individuals demonstrate greater risk-taking than healthy controls when feedback about performance is not made available (e.g., findings in cocaine-dependent samples by [14, 13] ). One of the reasons for this contrast between present and previous findings may be the influence of opioid replacement therapy on behaviour. Methadone and Buprenorphine was administered immediately before testing and so its effects could not be controlled for. Alternatively, it could be that heroin-dependent patients display different risk-taking behaviour to cocaine-dependent individuals.
Second, no significant difference was found between patient and controls' risk-taking on the feedback CCT condition assessing affective decision-making processes. This finding is in line with previous research that has shown that when feedback about performance is made available, drug-dependent individuals tend to have the same propensity for risk-taking as non-drug-users do (e.g., similar risk-taking between cocaine-dependent and healthy individuals on the feedback CCT condition [14] ).
Third, a significant relationship was found between the information factors of probability, gain and loss with group overall, across both CCT conditions. This finding suggests that patients engaged in significantly higher risk-taking across all levels of the information factors, regardless of whether the situation was advantageous (such as when the gain amount on a trial was 30) or disadvantageous (such as when the loss amount on a trial was 750). These results are in line with previous findings that drug-dependent individuals tend to neglect information about environmental contingencies and make risky decisions even when outcomes may be disadvantageous [3] . Then, a significant relationship was found between probability and group. This result suggests that patients' risk-taking was higher than controls across both probability levels (i.e., when the probability of a loss card was either 1 or 3) overall, across both CCT conditions. These results are in line with previous research (e.g., [6] ) demonstrating that drug-dependent individuals tend to pay less attention to the probability of an undesirable outcome occurring, making risky decisions in the face of negative consequences.
Next, when analyses were repeated after the removal of four patients who had been administered Buprenorphine, there was no longer a significant difference in risk-taking across probability levels between patients and controls. There were no other significant differences in the results of the study after removing these four participants. Finally, when analyses were repeated after the removal of six patients with reported histories of a head injury, there were no longer significant differences in risk-taking overall, or in the no-feedback CCT condition, across any of the information use factors.
Clinical implications
The findings of the current study have clinical implications for the field of decision-making research. First, that no difference was found between heroin-dependent patients and controls on risk-taking in the no-feedback CCT contrasted previous findings in cocaine-dependent and healthy samples [13, 14] . This contrasting finding could be due to the influence of opioid replacement treatment administration on behaviour or it may reflect true differences between heroin-and cocainedependent risk-taking. Further research is therefore needed to control for the effect of methadone or buprenorphine on performance so that any true differences between the risk-taking behaviour of heroin-dependent patients and healthy controls can be discerned. Subsequent studies should aim to test risk-taking performance on the no-feedback CCT before and after administration of opioid replacement therapy.
Second, the finding that heroin-dependent patients displayed similar levels of risk-taking to controls when feedback about performance was available is similar to previous findings in cocaine-dependent populations [14] . One interpretation is that when feedback about performance is available, heroin-dependent individuals may exhibit similar decision-making behaviour to controls. However, this finding needs to be interpreted with caution as it is only a measure of the way in which participants take risks until they experience a loss, as the feedback condition trials end as soon as a loss is experienced. On the feedback CCT condition, as soon as participants overturn a loss card, they are not able to make any more decisions on that trial and so it is unknown whether risk-taking would have continued after experiencing a loss. Additionally, previous research has found that drug-dependent individuals display deficits in processing feedback, such that they do not consider information about previous experiences when making decisions [3, 4] . Therefore, future research should investigate whether risktaking differs between heroin-dependent patients and controls using measures that provide delayed feedback after performance.
Third, the finding that heroin-dependent patients paid less attention to the information about probability of a loss, loss amount, and gain amount on the CCT than controls did, was similar to previous findings (e.g., in stimulant-and alcohol-dependent samples [18] ; and in alcoholand methamphetamine-dependent samples [6] ). This finding suggests that heroin-dependent individuals receiving treatment may not attend to environmental contingencies when making a decision, even when the outcomes are disadvantageous. Additionally, the finding that heroindependent individuals took more risks across both probability of a loss scenarios (i.e., when the probability of a loss was either 1 or 3), suggests that this information factor was neglected during decision-making. Heroin-dependent individuals may have taken risks without considering the consequences, especially the probability of an outcome occurring. If transferred to the real world, this finding suggests a new avenue for reducing risk-taking in heroin addiction, including the risk of taking drugs whilst receiving treatment, leading to inefficiency of treatment programs and relapse. When a heroin-dependent patient finds themselves in a risky situation (e.g., being offered heroin during treatment), training to improve decision-making would be invaluable. In the example of being offered heroin during treatment, such training may provide patients with the tools they need to (a) be able to recognise the environmental information or contingencies available to them, (b) evaluate the consequences of taking and not taking the drug and then (c) make a decision based on the most advantageous scenario. The individual may then be able to recognise the benefit to taking heroin (e.g., the 'high' that it produces) is outweighed by the disadvantages to taking the drug (e.g., it would undermine their efforts to stay sober thus far, they may face health and legal consequences, and they may disappoint their family and friends by succumbing to their addiction again).
Additionally, heroin-dependent individuals would be able to attend to information about the probability of an outcome (e.g., considering that the probability of contracting an infectious disease such as tetanus or HIV when using a shared needle is quite high, and so deciding to use a clean needle during drug administration). Although other factors would need to be considered to facilitate the best mindset for making decisions (e.g., attending to cues for drug-use), this finding has clinical significance for the development of novel intervention programs to be implemented during treatment of heroin-dependence. Such programs may facilitate increased adherence to treatment programs, reduced rates of relapse, and more adaptive decision-making in daily life.
Limitations and future directions
Despite the fact that CCT conditions were counterbalanced to control for order effects, this study has a number of limitations. First, the influence of methadone or buprenorphine administration on patient cognition and behaviour in this study is unknown. Patients were tested on their risk-taking behaviour immediately after receiving their treatment dosage. This presents a limitation to the present study but also an important area for future research. In order to overcome this issue and gain a clearer picture of performance, future research should measure patients' risk-taking before (i.e., once the previous dose of methadone or buprenorphine has worn off) and after (i.e., after a sufficient amount of time has elapsed so that the methadone dose has been metabolised) administration of opioid replacement treatment.
Previous studies using the CCT to measure risk-taking behaviour in drug-dependent and healthy populations have compared the delayed feedback CCT condition with the no-feedback condition (e.g., [13, 14] ). In the delayed feedback CCT condition, a better picture of risk-taking performance is available as participants can continue making a decision after they have encountered a loss card. Additionally, in the present study, performance on the no-feedback condition was influenced by performance on the feedback CCT condition for participants who completed the feedback condition first. Therefore, future replications of this study should compare the no-feedback and delayed feedback CCT condition for a clearer indication of how feedback and environmental contingencies influences risk-taking.
Lastly, a number of factors may influence the generalisability of this study's findings. The use of probability sampling where patients were recruited from only one patient clinic, and controls were recruited from only one local workplace, may influence the representativeness of the samples. Also, the external validity of the CCT and the transferability of risk-taking performance on the task to real-world behaviour is unknown. Future studies should supplement performance on the CCT with real-world risk-taking scenarios to gain a better picture of risk-taking in everyday life. Additionally, after the removal of patients administered Buprenorphine and those with a history of head injury, statistical analyses revealed substantial differences in the significance of the current findings. As such, future replications of this study should recruit only patients administered either methadone or buprenorphine, and exclusion criteria should include patients with a history of head injuries. Alternatively, future studies could compare risk-taking between samples administered methadone versus buprenorphine, and in patients with and without head injuries.
Conclusion
The findings of the current study suggest that heroin-dependent patients undergoing opioid replacement treatment tend to neglect environmental contingencies when they take risks. Specifically, heroindependent patients tended to take more risks in situations where the probability of a loss was higher whereas healthy controls reduced their risk-taking in such disadvantageous situations. These findings have clinical significance in that they shed light on the decision-making processes underlying risk-taking in heroin-dependent individuals. The effectiveness of intervention programs in eliciting positive treatment outcomes may be strengthened by the integration of decision-making training so that patients can learn to attend to environmental contingencies when making a decision. Additionally, adherence to treatments such as the methadone or buprenorphine maintenance programs may be strengthened with improvement in patients' decision-making abilities, as they may be better able to evaluate the outcomes of taking illicit drugs during treatment. Before this can be achieved, however, future research should test heroin-dependent patients before and after the administration of opioid replacement therapy, and replications of this study should aim to assess risk-taking using the delayed feedback CCT condition compared with the no-feedback CCT condition.
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